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,QWURGXFWLRQ
&RQJHVWLRQ LQ XUEDQ DUHDV DQG LWV LPPHGLDWH DQG ZLGHU FRQVHTXHQFHV RQ WKH FOLPDWH DUH SXVKLQJ
FHQWUDODQGORFDOJRYHUQPHQWVWRLQVWLJDWHVXVWDLQDEOHWUDQVSRUWSROLFLHV2QHPHDVXUHWRZDUGVDFKLHYLQJ
VXVWDLQDELOLW\ZRXOGEHWRDWWUDFWPRUHSHRSOHWRSXEOLFWUDQVSRUWDQGDSRVVLEOHZD\WRDFFRPSOLVKWKLVLV
WR LQFUHDVH WKH VHUYLFH TXDOLW\ WKDW FRQVLVWV RI VRPH YDULDEOHV FRQGLWLRQLQJ WKH XVHUV¶ GHFLVLRQ HJ
ZDLWLQJWLPHUHOLDELOLW\RUMRXUQH\WLPHGHOO¶2OLRHWDODQG7KHUHLVDQH[WHQVLYHOLWHUDWXUH
RQ WKH VHUYLFH TXDOLW\ IDFWRUV )RU H[DPSOH )HDUQOH\  VWXGLHV WKH8QLYHUVDO'HVLJQ FRQFHSW WKDW
UHIHUVWRWKHUHTXLUHPHQWVRQIDFLOLWLHVDQGYHKLFOHVLQRUGHUWRDFFRPPRGDWHDQGLQFUHDVHWKHDFFHVVLELOLW\
RI DVPDQ\ SDVVHQJHUV DV SRVVLEOH  5RVHQNYLVW HW DO  VWXG\8QLYHUVDO'HVLJQ LQ DFFRUGDQFH WR
VSHFLDOQHHGVJURXSV+HQVKHUHWDOGHYHORSWKH6HUYLFH4XDOLW\,QGH[DQGLQYHVWLJDWHVZD\VRI
TXDQWLI\LQJ VHUYLFH TXDOLW\ IURP D XVHU SHUVSHFWLYH DQG FRPSDULQJ WKH OHYHOV ZLWKLQ DQG EHWZHHQ EXV
RSHUDWRUV +RZHYHU DV VWDWHG E\+HQVKHU HW DO PDQ\ SUHYLRXV ZRUN LQ WKDW ILHOG IRFXVHG RQ
PHDVXULQJRQO\WKHFRVWHIILFLHQF\DQGFRVWHIIHFWLYHQHVVRIEXVVHUYLFHDQGRSHUDWRUVHJ5XIROR
/RZVRQ+ROPJUHQHWDO-DUD'tD]HWDO,VHNL7KHGHILQLWLRQRIVHUYLFHOHYHOKDV
WHQGHGWRLJQRUHWKHTXDOLW\RIWKHVHUYLFHKHQFHPDQ\UHJXODWRUVKDYHEHHQXQVXFFHVVIXOLQGHYHORSLQJD
UREXVWVSHFLILFDWLRQRIVHUYLFHTXDOLW\OHYHOV+HQVKHU0RVWRIWKHZRUNLQ WKLV ILHOGLVEDVHGRQ
VXUYH\VWDNLQJLQWRDFFRXQWVXFKIDFWRUVDVFOHDQQHVVRIWKHYHKLFOHHJGHOO¶2OLRHWDOIDUHVHJ
6WUDGOLQJHWDORUUHOLDELOLW\HJGHOO¶2OLRHWDOEXWWKHUHDUHRQO\IHZVWXGLHVDQDO\]LQJWKH
FRUUHODWLRQ EHWZHHQ OD\RXW FRQVWUDLQWV DQG SDVVHQJHU QHHGV DQG SUHIHUHQFHV HJ -XQJ HW DO 
6FKDOOHUHWDO
&XUUHQWO\ PDQXIDFWXUHUV¶ NQRZOHGJH LQ WKH HDUO\ VWDJH RI WKH GHVLJQ RI D QHZ FRQFHSW UHOLHV RQ
H[SHULHQFHVZLWKEXVHVDOUHDG\ LQVHUYLFHDQGVWDWLVWLFDOGDWDDERXWSDVVHQJHUV6FKDOOHUHWDO VWDWH WKDW
GHVLJQVZKLFKGRQRWDGGUHVVFXVWRPHU¶VFRQFHUQVFRXOGKDYHVHULRXVSUREOHPV LQ WHUPVRIFXVWRPHU¶V
DFFHSWDQFH 6FKDOOHU HW DO  7KXV HYDOXDWLQJ WKHVH FRQFHSWV IURP D SDVVHQJHU¶V SHUVSHFWLYH LV
LPSHUDWLYH EXW XQDFKLHYDEOH ZLWKRXW DFFHVV WR D SURWRW\SH RI WKH UHDO YHKLFOH 1RZDGD\V D IHDVLEOH
DOWHUQDWLYH LV WKH XVH RI DJHQW EDVHG VLPXODWLRQ ZKLFK LV DQ LQH[SHQVLYH DQG HIILFLHQW SURFHGXUH WR
DQDO\]HQHZGHVLJQFRQFHSWVVXFKDVZKHHOZHOOSRVLWLRQQXPEHURIGRRUVHWFLQWHUPVRIGZHOOWLPHV
SDVVHQJHU IORZ DQG SHUVRQDO VSDFH DPRQJ WKH IDFWRUV WKDW IHDWXUH SDVVHQJHU¶V DFFHSWDQFH ,Q RXU
DSSURDFKSDVVHQJHUV¶SUHIHUHQFHVDQGEHKDYLRUDUHPRGHOHGZLWKUHVSHFWWRPRGHUQEXVOD\RXWVDPRQJ
RWKHUV VHDW W\SRORJLHV DQG RULHQWDWLRQV W\SHV DQG QXPEHU RI GRRUV WLFNHWLQJ PDFKLQH %HVLGHV
SDVVHQJHUV DUH FODVVLILHG QRW RQO\ E\ JHQGHU DJH DQG HWKQLFLW\ EXW DOVR E\ WKHLU SK\VLFDO DQG
SV\FKRORJLFDOIHDWXUHV
,Q WKLV SDSHU WKH DXWKRUV SURSRVH DQ DJHQWEDVHG VLPXODWLRQ PHWKRGRORJ\ WKDW PDNHV IHDVLEOH WKH
HYDOXDWLRQ RI QHZ EXV GHVLJQV LQ WHUPV RI SDVVHQJHU SUHIHUHQFHV DQG FRQVWUDLQWV ,Q WKH SURSRVHG
VLPXODWLRQ IUDPHZRUNZKLFK LVGHVFULEHG LQ WKHQH[W VHFWLRQSDVVHQJHUVDUH VLPXODWHGE\DXWRQRPRXV
DJHQWVZKRPLPLFWKHLUEHKDYLRU7KHSURFHVVRIPRGHOLQJDJHQWV¶SHUVRQDOLW\IURPUHDOREVHUYDWLRQVLV
GHVFULEHG LQ VHFWLRQ WKUHH 7KHQ WKH IHDVLELOLW\ DQG DGYDQWDJHV RI WKH SURSRVHG DSSURDFK DUH
GHPRQVWUDWHGZLWKWZRFDVHVWXGLHV,QWKHVHDGRRUEXVOD\RXWLVFRPSDUHGDJDLQVWDGRRUEXVOD\RXW
LQ WHUPV RI DFFHVVLELOLW\ WLPHV HQWU\ H[LW DQG GZHOO DQG SDVVHQJHU SUHIHUHQFHV HQWU\ DQG H[LW GRRU
VHOHFWLRQ 6LPXODWLRQ UHVXOWV DUH GLVFXVVHG LQ VHFWLRQ IRXU )LQDOO\ VHFWLRQ ILYH SUHVHQWV WKH PDLQ
FRQFOXVLRQVRIWKLVZRUN
6ROXWLRQDSSURDFK
2XUVLPXODWLRQWRROKDVEHHQFUHDWHGZLWKLQ;MWHN¶V$Q\/RJLFZKLFKLVDPXOWLSDUDGLJPVLPXODWLRQ
IUDPHZRUN KWWSZZZ[MWHNFRPDQ\ORJLFZK\BDQ\ORJLF! $Q\/RJLF VXSSRUWV WKH VLPXODWLRQ RI
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SHGHVWULDQVZLWKLQ D YLUWXDO HQYLURQPHQW LPSOHPHQWLQJ WKH VRFLDO IRUFHPRGHO DOJRULWKP +HOELQJ DQG
0ROQiU3DVVHQJHUVKDYHEHHQPRGHOHGXVLQJ$Q\/RJLF¶VOLEUDU\RISHGHVWULDQVDVDVWDUWLQJSRLQW
DQGWKHQWKHLUEHKDYLRXUDOFDSDELOLWLHVKDYHEHHQDXJPHQWHGWKURXJKVHYHUDOGHFLVLRQPDNLQJDOJRULWKPV
HJ HQWU\H[LW GRRU FKRLFH VHDW FKRLFH HWF%ULHIO\ WKH VLPXODWLRQ WRRO FRQVLVWV RI VHYHUDO HVVHQWLDO
SDUWV

x $IORZFKDUWGHVFULELQJWKHOLIHF\FOHRIEXVSDVVHQJHUVZKLFKEHJLQVZKHQWKH\DUULYHWRWKHEXVVWRS
DQGHQGVZKHQWKH\JHWRIIWKHEXVDWWKHHQGRIWKHMRXUQH\
x 7KHYLUWXDOHQYLURQPHQWZKHUHVLPXODWLRQRFFXUVWKHEXVDQGDOOWKHHOHPHQWVRQERDUGZKLFK
SDVVHQJHUVDUHWRLQWHUDFWZLWKHJGRRUVVHDWVDQGWLFNHWPDFKLQHV,WLQFOXGHVWKHGHVFULSWLRQRIWKH
EXVOD\RXWJHRPHWU\DQGLWVIXQFWLRQDOLW\VHPDQWLFV
x /LEUDU\RISDVVHQJHUPRGHOVVHWRIPHWKRGVYDULDEOHVOLVWVUHVSRQVLEOHIRUWKHSDVVHQJHU¶V
SUHIHUHQFHVDQGGHFLVLRQV
x 7KHUHVXOWVPRGXOHJHQHUDWHVDOOWKHRXWSXWGDWDWKDWZLOOEHUHTXLUHGIRUWKHHYDOXDWLRQ,WFDQPHDVXUH
GLIIHUHQWDFFHVVLELOLW\WLPHVHQWU\H[LWGZHOODQGXSWRRWKHUPDJQLWXGHV
x $XVHU¶VLQWHUIDFHWKDWKHOSVWRVHWXSDQGJRYHUQWKHH[SHULPHQW

7KH VLPXODWLRQ WRRO FDQ DQDO\]H WKH FDVH RI RQH VLQJOH EXV VWRS VLWXDWLRQ ZKHUH VRPH SDVVHQJHUV
LQLWLDOO\ RQ WKH EXV DUH JHWWLQJ RII WKH EXVZKLOH WKH SDVVHQJHUV WKDW ZHUHZDLWLQJ LQ WKH EXV VWRS DUH
JHWWLQJRQ,WDOVRDOORZVVLPXODWLQJWKHFDVHRIDFRPSOHWHEXVOLQH3DVVHQJHU¶VIORZGXULQJDVLPXODWLRQ
GHSHQGVRQPDQ\UDQGRPIDFWRUVHJSDVVHQJHUV¶LQLWLDOSRVLWLRQDWWKHEXVVWRSRUSDVVHQJHUEORFNLQJ
DQG WKXV WKH VDPH H[SHULPHQW UHSHDWHG WZLFHZLOO QHYHU JLYH WKH VDPH UHVXOWV 7R H[SORLW WKLV UDQGRP
QDWXUH WKHVLPXODWLRQWRROFDQUXQDODUJHQXPEHURIUHSHWLWLYHH[SHULPHQWV6LPXODWLRQSHUIRUPDQFHLV
IDVWHUWKDQUHDOWLPHIRULQVWDQFHRQDQ,QWHO&RUH4XDG&38#*+]ZLWK*%RISK\VLFDO
PHPRU\H[SHULPHQWVZLWKSDVVHQJHUVDWRQHVLQJOHVWRSWRRNOHVVWKDQVHFRQGV
3DVVHQJHUPRGHO
%XVSDVVHQJHUVDUHQRWDKRPRJHQHRXVJURXSVLQFHWKH\GLIIHULQDJHVL]HDQGJHQGHUDVZHOODVLQ
SK\VLFDODQGSV\FKRORJLFDO IHDWXUHV$OVR WKH OHYHORINQRZOHGJHDERXW WKHSXEOLF WUDQVSRUWV\VWHPDQG
WKHUXOHVDQGUHJXODWLRQWKDWPD\DSSO\FDQEHGLIIHUHQW7KHLUSHUVRQDOLW\LVGLYHUVHDQGVRLWLVWKHZD\
WKH\FRPSO\RUQRWZLWKVWLSXODWHGUXOHV7KHLUEDFNJURXQGLGLRV\QFUDV\HGXFDWLRQHWFFRXOGEHYHU\
GLVVLPLODU$VDUHVXOW WKHLUEHKDYLRXUGXULQJDEXVMRXUQH\PXVWEHPRGHOOHGWDNLQJLQWRDFFRXQWVXFK
GLIIHUHQWLDWLQJIDFWRUV&XUUHQWO\LQPRVWFDVHVSDVVHQJHUVDUHVLPSO\FODVVLILHGLQWHUPVRIDJH\RXQJ
PLGGOHDJHG HOGHUO\ HJ $ODP DQG:HUWK  RU LQ WHUPV RI IUHTXHQW RU VHOGRP XVHUV RI SXEOLF
WUDQVSRUWDWLRQ7KHVHODVWWZRFODVVLILFDWLRQVRISDVVHQJHUVDUHQRWVXIILFLHQWWRFKDUDFWHUL]HWKHFRPSOH[
GHFLVLRQ PDNLQJ SURFHVVHV WKDW VKRZ WKHLU EHKDYLRXU GXULQJ D EXV MRXUQH\ &RQVHTXHQWO\ LQ RUGHU WR
FUHDWHDQDJHQWEDVHGVLPXODWLRQWRROLWLVQHFHVVDU\WRPRGHOWKHEHKDYLRXURISDVVHQJHUVLQDGLIIHUHQW
ZD\
)URPREVHUYDWLRQVWRDJHQWV
(LJKW GLIIHUHQW W\SHVRI SDVVHQJHUV KDYHEHHQGHVFULEHG IURPDSSUR[ REVHUYDWLRQV DW EXV VWRSV
DQG RQERDUG EXVHV LQ WKH FLWLHV RI *RWKHQEXUJ 6ZHGHQ %UHPHUKDYHQ *HUPDQ\ DQG 5RPH ,WDO\
7KHVH SDVVHQJHU W\SHV DUH FDOOHG SHUVRQDV FI 3UXLWW DQG $GOLQ  3HUVRQDV FDQ EH GHILQHG DV
ILFWLWLRXVFKDUDFWHUVWKDWDUHFUHDWHGWRUHSUHVHQWWKHGLIIHUHQWXVHUVWKDWPD\XVHDSURGXFWLQRXUFDVHWKH
EXV WUDQVSRUW V\VWHP 7KH SHUVRQD LV WKXV D UHSUHVHQWDWLRQ RI WKH SUHIHUHQFHV DQG EHKDYLRXUV RI UHDO
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SHRSOHLQFOXGLQJDGHVFULSWLRQRIWKHLUSK\VLFDODQGSV\FKRORJLFDODVSHFWV7KHHLJKWVSHFLILHGSHUVRQDV
DUHDVIROORZV

x +DUU\LVD\RPDQDQGXVHVDZDONLQJIUDPH
x 5RODQGDQG(OLVDEHWKDUHDFRXSOHRIDQG\RUHVSHFWLYHO\
x 6RUD\D,VD	'DU\DDUHD\RPRPD\REDE\ZLWKLQDEDE\SUDPDQGD\RGDXJKWHU
x (PPDDQG-XOLDDUH\RDQGWKH\DOZD\VWUDYHOWRJHWKHU
x -DFRELV\R
x &DUOLV\R
x +DQQDLV\R
x &HFLOLDLV\R

7KH SK\VLFDO FRQGLWLRQV FRUUHVSRQGLQJ WR HDFK W\SH RI SDVVHQJHU SHUVRQD LQYROYH GLIIHUHQW JRDOV
RQERDUG GLIIHUHQW VWUDWHJLHV WR WDUJHW WKHP DQG GLIIHUHQW ZDONLQJ YHORFLWLHV )RU HDFK SHUVRQD D
SUHIHUHQFHPRGHOKDVEHHQGHILQHG$SUHIHUHQFHPRGHOFRQVLVWVRIDYDOXHGOLVWRIJRDOVRUWDUJHWVWKDW
UDQNSDVVHQJHUSUHIHUHQFHVUHJDUGLQJ

7KHW\SHDQGORFDWLRQRIVHDWVZLQGRZRUDLVOHVHDWVIDFLQJIRUZDUGRUEDFNZDUGVLQJOHRUGRXEOH
RUHYHQPXOWLSOHIROGDEOHVHDWVHWF
7KHW\SHDQGORFDWLRQRIWKHVWDQGLQJDUHDV
7KHHQWU\GRRUDQGWKHGLVWDQFHIURPWKHHQWU\GRRUWRSUHIHUUHGVHDWVDQGVWDQGLQJDUHDV

$FFRUGLQJWRWKHREVHUYDWLRQVSDVVHQJHUJRDOVPLJKWFKDQJHDVWKHEXVLVJHWWLQJIXOOHU7RWKLVHQG
HDFKSHUVRQDLVPRGHOHGXVLQJIRXUGLIIHUHQWOLVWVRISUHIHUHQFHYDOXHVRQHSHUHDFKILOOLQJPRGHHPSW\
EXV KDOI IXOO ô IXOO DQG IXOO EXV 6HYHUDO GHFLVLRQPDNLQJ DOJRULWKPV KDYH EHHQ LPSOHPHQWHG WR
TXDQWLI\ WKH DWWUDFWLYHQHVV IRU HDFK SHUVRQD RI HYHU\ DYDLODEOH VHDW VWDQGLQJ ORFDWLRQ DQG GRRU  7KH
DOJRULWKPUHWXUQVWKHPRVWVXLWDEOHWDUJHWDFFRUGLQJWRWKHSHUVRQDSUHIHUHQFHV
6LPXODWLRQLQLWLDOFRQGLWLRQVDQGFLW\PRGHOV
7KHLQLWLDOFRQGLWLRQVRIWKHVLPXODWLRQDUHDPRQJRWKHUVWKHDPRXQWRISDVVHQJHUVRIHDFKW\SHWKDW
DUHZDLWLQJLQWKHEXVVWRSWKHDPRXQWDOUHDG\RQERDUGDQGWKHDPRXQWRIWKHVHODVWWKDWZLOO OHDYHWKH
EXVDWWKHVSHFLILFEXVVWRS7KLVLQIRUPDWLRQFDQEHLQWURGXFHGZLWKLQWKHVLPXODWLRQWRROLQWZRZD\V

x ,QGLFDWLQJWKHH[DFWQXPEHURISDVVHQJHUVRIHDFKW\SH
x 6HOHFWLQJDFLW\PRGHODQGWKHWRWDODPRXQWRISDVVHQJHUV

&LW\PRGHOVDUHEDVHGRQVWDWLVWLFDOGDWDIURPVRPH(XURSHDQFLWLHVSURYLGHGE\WKHSXEOLFWUDQVSRUW
RSHUDWRUVUHVSHFWLYHO\,QHDFKFDVHWKHVLPXODWLRQWRRODGMXVWVWKHRYHUDOOQXPEHURILQSXWSHUVRQDVE\
FDWHJRUL]LQJWKHPLQWRFULWHULDRIWKHFLW\PRGHOVWDWLVWLFVXVXDOO\MXVWDJHDQGJHQGHU,QRXUVLPXODWLRQ
WRRO HLJKW GLIIHUHQW FLW\ PRGHO VHWXSV KDYH EHHQ LPSOHPHQWHG 6WRFNKROP %XFKDUHVW 9DOHQFH 1LFH
3DULVFHQWUH3DULVLQQHUVXEXUE'XQNHUTXHDQG9DQQHV
5HVXOWVRIVLPXODWLRQFDVHVWXGLHV
7KH DSSOLFDELOLW\ DQG EHQHILWV RI DJHQWEDVHG VLPXODWLRQ WR XVHUFHQWHUHG GHVLJQ PHWKRGRORJLHV LV
GHPRQVWUDWHGE\WKHDQDO\VLVRIWZREXVOD\RXWVFRQVLGHULQJSDVVHQJHUV¶SUHIHUHQFHVDQGFRQVWUDLQWV%XV
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RSHUDWRUV QHHG UHDOLVWLF HVWLPDWLRQV RI GZHOO WLPH SDVVHQJHU IORZ DQG EXV FDSDFLW\ WR GHWHUPLQH WKH
RSHUDWLRQFRQGLWLRQVRIDEXVOLQHDQGWKHVXLWDEOHYHKLFOHIRULW)RUWKLVSXUSRVHZHKDYHSUHSDUHGWZR
GLIIHUHQWEXVOD\RXWV,QDFFRUGDQFHZLWK0$17UXFN	%XV$*DQG9ROYR7HFKQRORJ\&RUSRUDWLRQD
OD\RXWUHSUHVHQWLQJDUHDOGRRUORZIORRUEXVZDVFKRVHQIRUWKHH[SHULPHQWV7KHVHFRQGOD\RXWKDVD
IRXUWKGRRUDGGHGLQWKHUHDUSDUW$SDUWIURPWKHH[WUDGRRUDQGVL[VHDWVRQWKHUHDUSDUWERWKOD\RXWV
DUHLGHQWLFDOVHH)LJXUH7ZRFDVHVWXGLHVKDYHEHHQFRQGXFWHGWRHYDOXDWHERWKOD\RXWV


)LJ7KHWZREXVOD\RXWVXQGHUVWXG\GRRUVDERYHDQGGRRUVEHORZ
&DVHVWXG\YVSDVVHQJHUV
7KH ILUVW VLPXODWLRQ H[SHULPHQW FRUUHVSRQGV WR  SDVVHQJHUV JHWWLQJ RII WKH EXVZKLOH DQ LGHQWLFDO
DPRXQWRISDVVHQJHUVZKLFKZHUHZDLWLQJDW WKHEXVVWRS WU\ WRJHWRQ%RWKJURXSVRISDVVHQJHUV
FRUUHVSRQG WR  LQVWDQFHV RI (PPD	 -XOLD -DFRE&DUO+DQQD DQG&HFLOLD ,Q WKH VHFRQG VLPXODWLRQ
H[SHULPHQWSDVVHQJHUVFRPSRVHHDFKJURXS%RWKH[SHULPHQWVKDYHEHHQVLPXODWHG WLPHV7KH
GZHOOWLPH WKHHQWU\DQGH[LW WLPHV LQ WRWDODQG IRUHDFKGRRUVHSDUDWHO\DQG WKHQXPEHURISDVVHQJHU
HQWHULQJ DQG OHDYLQJ WKURXJK HDFK GRRU KDV EHHQ PHDVXUHG $V DJHQWEDVHG VLPXODWLRQ LV QRW
GHWHUPLQLVWLF VXFFHVVLYH UXQVRI WKH VDPHPRGHOV XQGHU WKH VDPHFRQGLWLRQVSURGXFHGLIIHUHQW UHVXOWV
)LJXUHVKRZVYDULDWLRQRIGZHOOWLPHIRUWKHVLPXODWLRQVZLWKERWKOD\RXWV


)LJ'ZHOOWLPHPHDVXUHPHQWVSDVVHQJHUOHIWDQGSDVVHQJHUULJKWH[SHULPHQWV
'ZHOOWLPHKDVEHHQPHDVXUHGDV³WKHWLPHLQVHFRQGVWKDWDWUDQVLWYHKLFOHLVVWRSSHGIRUWKHSXUSRVH
RI VHUYLQJ SDVVHQJHUV´ +&0  WKXV WKH WLPH IURP RSHQLQJ WR FORVLQJ WKH GRRUV DW WKH EXV VWRS
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)LJXUHVKRZVWKHYDULDWLRQRIWKHH[LWWLPHZKLFKKDVEHHQGHILQHGDV³WKHWLPHLQWHUYDOIURPRSHQLQJ
WKHGRRUVXQWLOWKHODVWSDVVHQJHUJHWVRIIWKHEXV´


)LJ([LWWLPHPHDVXUHPHQWVZLWKERWKOD\RXWVIRUOHIWDQGSDVVHQJHUULJKWH[SHULPHQWV
7KH DYHUDJH DQG VWDQGDUG GHYLDWLRQ YDOXHV RI GZHOO DQG H[LW WLPHV DORQJ WKH  H[HFXWLRQV RI WKH
VLPXODWLRQH[SHULPHQWVDUHVKRZQLQ)LJXUH


)LJ$YHUDJHDQGVWDQGDUGGHYLDWLRQRIGZHOOWLPHDERYHDQGH[LWWLPHEHORZIRUDQGSDVVHQJHUH[SHULPHQWV

)LJ$YHUDJHGDPRXQWRISDVVHQJHUSHUGRRUHQWU\GRRUVOHIWDQGH[LWGRRUVULJKW
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,WLVQRWLFHDEOHWKDWLQDOPRVWDOOWKHVLPXODWLRQUXQVGZHOOWLPHEHFRPHVVKRUWHUZKHQHYHUWKHIRXUWK
GRRULVDYDLODEOH7KHRYHUDOODYHUDJHGGZHOOWLPHGHFUHDVHVIURPWRVHFRQGVZLWKSDVVHQJHUV
DQG IURP  WR  VHFRQGV ZLWK  SDVVHQJHUV )LJXUH  6LPLODUO\ WKH RYHUDOO DYHUDJHG H[LW WLPHV
GHFUHDVHIURPWRVHFRQGVDQGIURPWRVHFRQGVZLWKDQGSDVVHQJHUVUHVSHFWLYHO\
)LJXUH
1H[WLQYHVWLJDWHGIDFWRULVWKHHIIHFWRIWKHIRXUWKGRRURQSDVVHQJHUHQWU\DQGH[LWVHOHFWLRQZKLFKLV
GLUHFWO\FRQQHFWHG WR WKHGHVFULSWLRQRISHUVRQDV3DVVHQJHU¶VSUHIHUHQFHV IRU WKHHQWU\GRRUKDYHEHHQ
HODERUDWHGRQWKHEDVLVRIUHDOREVHUYDWLRQV$VH[LWGRRULQPRVWRIWKHFDVHVSDVVHQJHUVZLOOFKRRVHWKH
FORVHVW GRRU ZKLFK GHSHQGV RQ ZKHUH KH WUDYHOOHG LQ WKH EXV 7KXV WKHVH SUHIHUHQFHV DUH LQGLUHFWO\
FRQQHFWHG WR WKH SUHIHUUHG HQWU\ GRRU 7KH UHVXOWV DUH SUHVHQWHG LQ )LJXUH  7KH JUDSKV VKRZ WKH
DYHUDJHGDPRXQWRISDVVHQJHUWKURXJKHDFKGRRUDPRQJWKHVLPXODWLRQUXQV
5HJDUGLQJWKHHQWU\GRRUVHOHFWLRQ)LJXUHWKHJHQHUDOWUHQGIRUERWKDQGSDVVHQJHUFDVHVLV
WKDW WKH IORZ WKURXJK WKHPLGGOHGRRU RI WKHGRRU OD\RXW LV QHDUO\ HTXDOO\ UHGLVWULEXWHG WKURXJK
ERWKPLGGOHGRRUVDQGRIWKHGRRUOD\RXW)RUWKHH[LWGRRUVHOHFWLRQWKHLQFOXVLRQRIWKHIRXUWK
GRRUSURYRNHVDPRUHEDODQFHGXVDJHRIGRRUVHVSHFLDOO\LQWKHFDVHRISDVVHQJHUV
7KH DYHUDJHG HQWU\ DQG H[LW WLPHV SHU HDFK GRRU KDYH EHHQ DOVR LQYHVWLJDWHG5HVXOWV DUH VKRZQ LQ
7DEOH7KHHQWU\WLPHSHUGRRUKDVEHHQGHILQHGDV³WKHWLPHLQWHUYDOIURPRSHQLQJWKHGRRUXQWLOWKH
ODVWSDVVHQJHUHQWHUVWKURXJKWKLVGRRU´,WFDQEHQRWLFHWKDWWKHKLJKHUYDOXHVLQ7DEOHFRUUHVSRQGWR
WKHWRWDOGZHOOWLPHVRIWKHFRUUHVSRQGLQJH[SHULPHQW
7DEOH$YHUDJHGHQWU\DQGH[LWWLPHSHUGRRULQVHFRQGVZLWKDQGSDVVHQJHUV
  (QWU\WLPH ([LWWLPH
/D\RXW 'RRU SDVV SDVV SDVV SDVV
GRRUV
    
    
    
GRRUV
    
    
    
    

7DEOH  VKRZV WKDW GRRU  LV WKH EXVLHVW GRRU WKH RQH ZLWK WKH ORQJHVW HQWU\ WLPH LQ DOO WKH
VLPXODWLRQH[SHULPHQWV,QFOXGLQJWKHIRXUWKGRRUWKHDYHUDJHGHQWU\WLPHGHFUHDVHVE\QHDUO\VHFRQGV
IURPWRLQWKHFDVHRQSDVVHQJHUVDQGQHDUO\VHFRQGVIURPWRZLWK
SDVVHQJHUV
&DVHVWXG\FLW\$YVFLW\%
7KHVHFRQGFDVHVWXG\FRPSDUHVWKHSHUIRUPDQFHRIWKHWZREXVOD\RXWVLQWZRILFWLWLRXVFLWLHV$DQG
% WKDW GLIIHU LQ WKH DJH GLVWULEXWLRQ RI WKHLU EXV SDVVHQJHUV )RU HDFK FLW\ ERWK OD\RXWV KDYH EHHQ
VLPXODWHG  WLPHV ZLWK  SDVVHQJHUV JHWWLQJ RQ DQG RII DW WKH EXV VWRS 7KH DJH GLVWULEXWLRQ RI
SDVVHQJHUVFRUUHVSRQGLQJWRHDFKFLW\LVVKRZQLQ7DEOHZKLFKDOVRLQGLFDWHVWKHDPRXQWRISDVVHQJHUV
RI HDFK W\SH SHUVRQD WKDW KDYHEHHQ LQVWDQWLDWHG LQ WKH VLPXODWLRQV$V VKRZQ LQ7DEOH FLW\%KDV
FRQVLGHUDEO\PRUH\RXQJHUSDVVHQJHUVWKDQFLW\$ZKLFKFRQYHUVHO\KDVPDQ\PRUHDGXOWSDVVHQJHUV
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5HJDUGLQJ ROGHU SDVVHQJHUV ERWK FLWLHV VKRZ PXFK VPDOOHU SHUFHQWDJHV DOWKRXJK FLW\ $ KDV GRXEOH
DPRXQWRIVHQLRUVWKDQFLW\%
6LPLODUO\WRWKHSUHYLRXVFDVHVWXG\WKHSHUIRUPDQFHRIERWKOD\RXWVKDVEHHQPHDVXUHGLQWHUPVRI
GZHOOHQWU\DQGH[LWWLPHVDQGGRRUXVDJH)LJXUHVKRZVWKHDYHUDJHDQGVWDQGDUGGHYLDWLRQYDOXHVIRU
WKHVLPXODWLRQVIRUHDFKOD\RXWDQGFLW\
7DEOH'LVWULEXWLRQDQGDPRXQWRISDVVHQJHUVWREHVLPXODWHG
&LW\ \R
>±@
\R
!
\R
5RODQG
	(OLVDE -DFRE +DQQD &HFLOLD &DUO
(PPD	
-XOLD
$         
%         

$VLQWKHSUHYLRXVFDVHVWXG\WKHLQFOXVLRQRIWKHIRXUWKGRRUGHFUHDVHVWKHRYHUDOOGZHOO WLPHIURP
WRVHFRQGVLQFLW\$DQGIURPWRVHFRQGVLQFLW\%)XUWKHUPRUHWKHIRXUGRRUOD\RXW
SURGXFHVVPDOOHUDYHUDJHGH[LW WLPHV LQERWKFLW\FRQWH[WV IURP WR LQFLW\$DQGIURP WR
VHFRQGVLQFLW\%&RPSDULQJWKHWZRFLWLHVWKHH[LWWLPHUHGXFWLRQLVODUJHUIRUFLW\$WKDQFLW\%
7KHDYHUDJHVHQWU\DQGH[LWWLPHVLQVHFRQGVWKURXJKHDFKGRRUDUHSUHVHQWHGLQWDEOH


)LJ$YHUDJHGZHOODERYHDQGH[LWEHORZWLPHV


)LJ$YHUDJHGDPRXQWRISDVVHQJHUSHUGRRUHQWU\GRRUVOHIWDQGH[LWGRRUVULJKW
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$VVKRZQLQWDEOHWKHEXVLHVWHQWU\GRRUZLWKWKHGRRUOD\RXWLQWKHFLW\$LVWKHUHDUGRRU
7KHDYHUDJHH[LWWLPHLVRIVHFRQGV$QDO\]LQJWKHEHKDYLRXURISDVVHQJHUVWKURXJKWKLVGRRUWKH
DXWKRUVKDYHQRWLFHG WKDW IRUPRVW UHSHWLWLRQV WKH ODVWSDVVHQJHUVJHWWLQJRII WKHEXVDUH WKH5RODQGV	
(OLVDEHWKV7KHVHSDVVHQJHUVDUHROGHUWKDQDQGWKXVPRYHDWDVORZHUSDFH$GGLQJWKHIRXUWKGRRUDW
WKHUHDUDSSHDUV WRVROYH WKHVLWXDWLRQDQG WKHDYHUDJHH[LW WLPHGHFUHDVHV WRDQGVHFRQGVDW
GRRUVDQGUHVSHFWLYHO\7KHEHQHILWVRIWKHIRXUWKGRRUDUHVLPLODUIRUFLW\%DOWKRXJKVLQFHWKHUH
DUHOHVVSDVVHQJHUVRIW\SH5RODQG	(OLVDEHWKH[LWWLPHVZLWKERWKOD\RXWVDUHVKRUWHU
7DEOH$YHUDJHHQWU\DQGH[LWWLPHVSHUGRRULQVHFRQGV
  (QWU\WLPH ([LWWLPH
/D\RXW 'RRU &LW\% &LW\$ &LW\% &LW\$
GRRUV
    
    
    
GRRUV
    
    
    
    

7KH HQWU\ DQG H[LW GRRU VHOHFWLRQ KDV DOVR EHHQ LQYHVWLJDWHG LQ WKLV FDVHVWXG\ )LJXUH  VKRZV WKH
DYHUDJHRIWKHDPRXQWRISDVVHQJHUVWKDWFKRRVHVWRJHWRQDQGRIIWKHEXVWKURXJKHDFKGRRU
1RWLFHDEOHLVWKDWIRUERWKFLWLHVWKHH[LWIORZWKURXJKGRRUZLWKWKHGRRUOD\RXWVSOLWVEHWZHHQ
GRRUVDQGZLWKWKHGRRUOD\RXWZKLOHWKHIORZWKURXJKGRRUVDQGUHPDLQVVLPLODU+RZHYHU
WKHUHGLVWULEXWLRQLVGLIIHUHQWIRUHQWU\GRRUV,QWKLVFDVHWKHIORZWKURXJKGRRURIWKHGRRUOD\RXW
VSOLWVWRVHUYHGRRUVDQGLQWKHGRRUOD\RXW)LJXUH7KHUHDVRQIRUWKLVGLVVLPLODUEHKDYLRXULV
FRQQHFWHGZLWK SDVVHQJHU¶V SUHIHUHQFHV )RU JHWWLQJ RQ WKH EXV SDVVHQJHUV ZLOO FKRRVH WKHLU SUHIHUUHG
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